tivity 1 cm./l m. volt, high frequency cut off at 50 c.p.s. This is referred to as the "conventional tracing"; (2) paper speed 200 mm./sec., sensitivity 2-5 cm./l m. volt, no high frequency filter. This is referred to as the "high fidelity tracing"; (3) an approximation of the first derivative of the electrocardiogram using a differentiating circuit consisting of a simple CR network, supplied by Electronics for Medicine, with a time constant of 0 5 sec. For this tracing paper speed was 200 mm./sec. and sensitivity 2-5 cm./15 m.volt/sec. The tracing is referred to as the "differentiated tracing". For each lead the three tracings were examined and the number of changes of direction of the QRS complex was counted. Thus an RSR complex has 5 changes of direction and a QS complex 3 ( Fig. 1 and 2) .
Because of the high sensitivity and frequency response used, great care was taken to reduce interference and muscle tremor to a minimum, this being particularly important in the differentiated tracing. Where base line tremor was excessive the tracings were disregarded. In each tracing only changes in direction found constantly in three consecutive QRS complexes were counted.
The findings in the high fidelity and differentiated records are expressed as the number of additional changes of direction as compared with the conventional record; these additional changes of direction are described as the "high frequency components". This method of analysis has been used to eliminate the effect of low frequency changes of direction and to permit comparison between groups of tracings in which the conventional electrocardiograms show different numbers of changes of direction.
Statistical comparisons between different groups of patients and normal subjects were made using the "t" test. Values of "p" less than 0.05 were considered significant. FINDINGS Note: Mean values of high frequency components of the high fidelity and differentiated tracings that are significantly higher than those of normal subjects are shown in italics. 7.0 7-9 5-6 S.D. !3-0 4-2 3-3 2-2 30 2-9 2-7 3-3 3-9 4-3 2-9 3-1
Note: Mean values of high frequency components of the high fidelity and differentiated tracings that are significantly higher than those of normal subjects are shown in italics. (Carter, 1914; Oppenheimer and Rothschild, 1917; Wilson and Herrmann, 1920; Weinberg et al., 1950; Evans and McRae, 1952; Durrer et al., 1961; Battaglia, Maschio, and Zotti, 1964) .
The use of high fidelity recording apparatus to quantitate the high frequency components of the electrocardiogram has been described by Langner (1952 Langner ( , 1953 , Langner and Geselowitz (1960) , and Langner, Geselowitz, and Mansure (1961) who used Angelakos (1962 Angelakos ( , 1963 and by Langner Geselowitz, Langner, and Mansure, 1962) . While differentiating a curve does not add any information not present in the initial curve, it makes the information easier to extract by accentuating the high frequency components.
The present study was designed to assess the importance of high frequency components of the electrocardiogram in the diagnosis of ischtmic heart disease. It soon became apparent that the recognition of "notching, slurring, and beading" varied from observer to observer, and from time to time with the same observer. We found that a count of the number of changes of direction of the curve was a more objective measure of these disturbances, and consistent results could be obtained in this way. Slurring of the QRS complex was usually evident as a change in direction in the differentiated electrocardiogram. As we employed a simple C.R. network accurate for frequencies of up to 70 c.p.s. as a differentiating circuit, the record obtained does not truly represent the first derivative of the electrocardiogram. We have used this tracing only as a means of reducing the subjective element in counting irregularities in the electrocardiogram. The differentiated electrocardiogram was more successful than the high fidelity electrocardiogram in detecting high frequency components in the patients with ischmnic heart disease with the criteria used in the present study.
The normal subjects showed few high frequency components in any lead, and the number did not increase with age. Patients with ischtemic heart disease showed more high frequency changes of direction in all leads. Expressing the results as the number of high frequency components in the differentiated trace, mean differences between the normal subjects and the three groups of ischnmic heart patients were significant at the 5 per cent level in all leads (except I and V4 in the ischtemic group with normal conventional electrocardiograms). Differences between the three groups of patients with ischmmic heart disease were small and rarely reached significant levels.
The results indicate that high frequency components of the electrocardiogram occur more often in patients with ischaemic heart disease than in normal subjects. The high frequency components of the QRS complex probably indicate disorderly ventricular activation which may result from local myocardial ischtemia. It is unlikely that the findings are specific to ischwmic heart disease, and they may occur in other myocardial conditions where ventricular excitation is disturbed (Caster and Ahn, 1963) .
These findings suggest that it is possible to distinguish normal subjects from patients with ischaemic heart disease using a 12-lead high fidelity differentiated electrocardiogram, when the conventional electrocardiogram is within normal limits.
SUMMARY
Conventional, high fidelity, and differentiated electrocardiograms have been recorded in 34 normal men and in 38 men with ischemic heart disease.
The high frequency components of the high fidelity and differentiated tracings have been studied. In normal men the high frequency components do not alter with age.
Patients with ischamic heart disease have more high frequency components in the electrocardiogram than do normal subjects. A similar increase in the number of high frequency components is found in patients with normal conventional electrocardiograms, in those with ST-T abnormalities only, and in those with pathological Q waves.
